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Abstract approved:
Eight phylloplane yeasts were isolated from backyard apple trees in
Corvallis, OR. Yeast isolates were classified to genus or species level. All
isolates were tested in vitro for antagonistic activity against the postharvest
pathogens Botrytis cinerea and Penicillium expansum. Of these isolates,
Aureobasidium pullulans, Sporobolomyces roseus Rhodotorula sp., consistently
reduced mycelial growth of B. cinerea and P. expansum in nutrient yeast
dextrose agar (pH 4.5 or 7.0) incubated for 8 or 30 days at 24 or 1 C, respectively.
These three yeasts also were evaluated for their ability to suppress spore
germination of B. cinerea and P. expansum in a gradient of apple juice
concentrations and to suppress development of gray and blue mold lesions in
inoculated fruits of Golden Delicious apple. Germination of B. cinerea and P.
expansum was reduced significantly (P 0.05) when incubated with the yeast
isolates in 100 or 50% apple juice, but not in 0, 1 or 10% apple juice. S. roseus
and A. pullulans reduced significantly (P .5_ 0.05) the size of gray mold lesions in
wounded fruit stored at 5 C and 24 C by 63 to 72 and 81 to 90%, respectively,
when compared to the nontreated control. Size of blue mold lesions in fruit
stored at 5 and 24 C also were reduced significantly (P 5_ 0.05) by 66 to 38 and 74
to 63 %, respectively, when pre-treated with S. roseus and A. pullulans. In
general, fruit rot suppression by some yeasts isolated in this study was similar in
magnitude to suppression obtained by Cryptococcus laurentii isolate 87-108, a
yeast with commercial potential to suppress postharvest rots of pome fruits.
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Introduction 
Postharvest diseases in pome fruits cause substantial losses during 
storage and transportation (Sommer, 1982). Two of the most important fungal 
pathogens of pome fruits are Botrytis cinerea and Penicillium expansum. 
Botrytis cinerea Pers. causes gray mold of fruits and vegetables either in the 
field or in storage. Infection may start at the blossom or stem end of the fruit or 
in wounds, cracks, or cuts on fruit surfaces. Other natural openings, such as 
lenticels and stomata, are additional routes of infection (Smilanick, 1994). The 
decay appears as a well-defined water-soaked lesion with a brownish area that 
penetrates deeply and advances rapidly into the fruit tissue. In most hosts and 
under humid conditions, a grayish or brownish-gray mold layer develops on the 
surface of decayed areas (Agrios, 1988). Penicillium expansum Link. causes 
blue mold rots of fruits and vegetables. Blue mold is the most common and 
most destructive of all postharvest fruit rot diseases, affecting citrus, apples, 
pears, grapes, and vegetables (Harvey, 1978). On some hosts, such as citrus, 
infections may take place in the field, but usually blue mold infections are 
initiated postharvest, and account for up to 90 percent of fruit decay in transit, 
in storage, and in the market (Sommer, 1982).  P. expansum enters tissues 
through breaks in the skin or rind and occasionally through lenticels. It also can 
spread from infected to healthy fruit in storage bins. P. expansum rots at first 
appear as soft, watery, slightly discolored spots of varying size on the fruit. 
After decay develops, a white mold begins to grow on the surface of the lesion. 
Later, the fungus produces conidia, which are blue, bluish-green, or olive green 
in color. The conidia are produced on the surface of the lesion and are usually 
surrounded by a band of white mycelium and a band of water-soaked tissue 2 
near the edges of the lesion. Mycelial growth develops on lesions of any size as 
long as the air is moist and warm (Agrios, 1988). 
The occurrence of postharvest mold disease in apple is greater when the 
fruit is picked and handled during wet, humid weather; when fruit are delayed 
before going into cold storage; cooled slowly in storage; stored until late in the 
season; or held at warm temperatures after removal from storage. Although 
blue mold and gray mold are favored by relatively high storage temperatures, 
the pathogens continue to grow slowly at temperatures near freezing (Wilson 
and Pusey, 1985). Some Penicillium species also produce ethylene,  which 
affects the color of the fruit, and accelerates its maturation and senescence, thus 
reducing the fruit's storage life potential (Agrios, 1988). 
Postharvest Decay Control 
Many postharvest fruit rot pathogens, including those that cause blue and 
gray mold, are ubiquitous. The traditional strategy to suppress postharvest fruit 
rots is to harvest at earlier, less susceptible maturity, and to create a physical 
environment that is nonconducive to disease development. Commercial 
distributors of fruit modify temperature, relative humidity, and gas composition 
of storage atmosphere during prestorage, storage, and transit to control decay. 
For optimum decay control, two or more environmental factors are often 
modified simultaneously (Sommer, 1982). 
Refrigeration at optimum temperature for maintenance of quality in fresh 
fruit and vegetables is the most important loss-reducing factor in the postharvest 
environment (Harvey, 1978). Low temperature storage is recommended for 
many commodities because it retards respiration and other metabolic activities 
such as aging due to ripening, softening and textural and color changes, 
moisture loss, and spoilage due to invasion by microorganism pathogens (Lutz 3 
and Hardenburg, 1977). Small differences in temperature can drastically affect 
the storage life. For example, Hardenburg et al (1986) determined that the 
storage life of apples is increased for 8 weeks by storage at -1 C compared to 0 C. 
Precise control of relative humidity also can reduce fruit decay and 
maintain fruit quality. Apples and pears have well-developed cuticles and 
epidermal layers, which allow them to tolerate lower relative humidity in 
storage. Both high and low relative humidity are related to postharvest decay 
control. Fungal spore germination is often inhibited at low relative humidities. 
For example, Botrvtis cinerea, Penicillium expansum, and Phialophora malorum 
germinate at 100% relative humidity in absence of free water at -1.1 C, but none 
of them germinate at less than 97 % relative humidity (Spotts and Peters, 1982). 
The use of other physical treatments such as heat and gamma irradiation 
have been evaluated as means for control for a number of rot-causing fungi of 
fruits and vegetables. With heat treatments, Burchill (1964) obtained promising 
results in reducing rots caused by Monilia and Rhizopus in peaches, and 
Gleosporium sp. in apples. Eckert and Ogawa (1988) used heat treatment to 
eradicate inactive infections in deciduous fruit. The use of heat treatments, 
however, does not provide persistent protection of the commodity from 
reinfestation by the pathogen. Moreover, heat treatments greatly reduce 
microflora populations on fruit surfaces. Thus, use of heat may suppress natural 
biological control (Couey, 1989). The use of gamma-rays to control postharvest 
diseases of peaches, strawberries and tomatoes also has shown promise (Agrios, 
1988). Barkai-Golan et al (1969) inhibited spore germination of Penicillium 
expansum and Botrytis cinerea isolated from pears with gamma radiation at 
doses of 50 to 300 Krad; however, fruit softening occurred at doses above 
100 krad. 
The most widely applied approach to control postharvest pathogens has 
been to treat the produce with fungicides both pre and postharvest. A number 
of fungitoxic chemicals have been developed, many of which are used 4 
specifically for control of postharvest diseases. Several are used as dilute 
solutions into which the fruit or vegetables are dipped before storage, or as 
solutions used for washing fruits immediately after harvest (Agrios, 1988). 
Chlorine washes containing 50 to 125  ppm are often used in commercial fruit 
storage. Spotts and Peters (1982) significantly reduced conidial germination of 
Mucor piriformis and Penicillium expansum with a drench of chlorine dioxide at 
2.5 and 5.0 ug/m1 after 5 minutes of application. Other fungicides such as 
benomyl, thiabendazole, and thiophanate are applied directly to fruit surfaces to 
inhibit fungal growth in cold storage. Recently, however, several factors have 
increased interest in using alternative strategies of fruit rot control. First, 
humans directly ingest residues of fungicides used to protect fruit in storage. 
Second, fungicides may cause adverse effects on the environment, including 
groundwater contamination and inhibition of growth of beneficial microbial 
populations (Wilson et al, 1991). Finally, reduced efficacy of many postharvest 
fungicides has occurred due to resistance of several pathogens to specific 
fungicides (Rosenberg and Meyer, 1979; Spotts and Cervantes, 1986; Webster et 
al, 1970). 
Biological control 
Since the beginning of 1980's, biological control of postharvest diseases 
of fruits has become a promising and attractive method for postharvest fruit rot 
control. In a pioneer study, Pusey and Wilson (1984) found that a strain of 
Bacillus subtilis (Ehrenberg) Cohn isolated from the soil strongly inhibited the 
incidence of brown rot on peach. This bacterium produced an antibiotic 
substance that was toxic to the pathogen, Monilia fructicola (G.Wint.) Honey. 
Research in this area was further invigorated by the discovery of other bacterial 
antagonists with postharvest biocontrol potential: Pseudomonas cepacia 5 
(Janisiewicz and Roitman, 1988), Pseudomonas syringae pv. lachrymans 
(Janisiewicz and Marchi, 1990), Enterobacter aerogenes (Utkhede and Sholberg, 
1986), Enterobacter cloacae (Wisniewski et al, 1989), and Bacillus sp. (Sholberg 
et al, 1995). Another discovery was the control of fruit rots with nonantibiotic 
producing yeasts. Janisiewicz (1987) reported that a naturally occurring yeast 
from apple leaves controlled blue mold caused by Penicillium expansum Link 
and gray mold caused by Botrytis cinerea Pers on pome fruit Other yeasts that 
have controlled postharvest decay pathogens in fruits include: Acremonium 
breve (Janisiewicz, 1988), Hanseniaspora uvarum (McLaughlin et al, 1989), 
Candida guillermondii (McLaughlin et al, 1992), Cryptococcus laurentii 
(Roberts, 1990a), and Sporobolomyces roseus (Janisiewicz et al, 1994). 
Modes of action of antagonists 
Elucidation of the mode of action of postharvest biocontrol agents has 
been an important research area. Progress in this area, however, has been 
relatively slow because it is difficult to prove a mechanism of biocontrol in 
wounded fruit tissue (Droby and Chalutz, 1994). The use of indirect approaches 
has helped to elucidate the mechanisms of antagonist action. Some antagonists 
apparently inhibit pathogens by producing antibiotics.  Janisiewicz and 
Roitman (1988) demonstrated that Pseudomonas cepacia produces a pyrrolnitrin, 
a powerful antifungal compound, effective in the control of postharvest diseases 
of apples and pears. The compound inhibited B. cinerea and P. expansum in 
culture at concentrations below 1 mg/ml. Roitman et al (1990) reported the 
production of four other chlorinated phenylpyrrole derivates by P. cepacea, 
each with antifungal activity against B. cinerea and P. expansum on apples and 
pears. There is concern, however, that the introduction of antibiotic-producing 
agents to our food may have an adverse effect on resistance of human pathogens 6 
to antibiotics (Droby and Chalutz, 1994).  Consequently, the use of biocontrol 
agents with mechanisms of action different from antibiosis is recommended. 
Several lines of evidence support the hypothesis that fruit rot pathogens 
can be suppressed by nutrient competition with antagonist strains. The term 
competition is defined by Droby and Chalutz (1994) as niche overlap, where 
there is a simultaneous demand for the same resource by two or more microbial 
populations. Resource competition was demonstrated by Droby et al (1989) 
who co-cultured Debaryomyces hanensii and Penicillium digitatum in a 
wounded grapefruit leachate solution or in a minimal synthetic medium. The 
ability of the yeast to suppress the pathogen was markedly reduced by the 
addition of nutrients to the spore suspension used for inoculation. Similarly, 
Wisniewski et al (1989) demonstrated that Enterobacter cloacae a bacterial 
antagonist, inhibited germination of Rhizopus stolonifer spores through nutrient 
competition. In both studies, indirect evidence demonstrated that germination 
of spores of the pathogen was reduced by co-culturing with the antagonist, the 
degree of reduction in spore germination was dependent on the concentration of 
the antagonist, and, reduction in pathogen spore germination inhibition could be 
completely or partially reversed by addition of exogenous nutrients. 
Initial selection of antagonists 
Most investigators have used naturally occurring microorganisms isolated 
from fruit or vegetables to control postharvestfruit rot disease. Chalutz and 
Wilson (1990) reasoned that epiphytic microbes are good candidates for 
biocontrol because they are adapted to live on host and surfaces, and perhaps, 
because the antagonism against pathogens may have evolved. janisiewicz (1988) 
suggested that emphasis should be placed on organisms present on fruit near 
harvest or after several months of storage. He concluded that, presumably, the 7 
only organisms selected are those competent to colonize and protect wounds 
from infection. Lim and Rohrbach (1980), suggested that pathogens with 
debilitated virulence may be good antagonistcandidates. Pusey and Wilson, 
(1984) advocate screening for antagonist in collections of microorganisms 
isolated from the soil. Sholberg et al (1995) believed that endophytic bacteria 
present on apple fruit may be good biocontrol agents of postharvest diseases. 
In vitro screening to identify candidate antagonists involves co-culture of 
the pathogen and the antagonist on agar or other media. Effective suppression 
of the pathogen's growth is used to select antagonists for further testing. In vitro 
tests are used for their convenience to identify effective biocontrol agents and the 
indirect evidence they provide regarding mode of biocontrol action (Smilanick, 
1994) 
In vivo screening requires placement of the pathogen and candidate 
antagonist on the host. Suppression of disease is used to identify antagonist 
agents. Screening on the host is favored over in vitro screening because the 
survival of the microbial agents on the fruit tissue must occur. For example, 
Janisiewicz and Roitman (1988) reported that  Pseudomonas cepacia survived 
and reproduced rapidly in wounds of apple and pear fruit, but poorly on 
nonwounded fruit. Droby et al (1989) reported, however, that the isolate US-7 of 
Pichia guillermondi survived for long periods in wounds and at nonwounded 
sites on the fruit surface. Roberts (1990a) observed rapid colonization of apple 
fruit wounds by C. laurentii at temperatures ranging from 0 to 20 C, and under 
controlled atmosphere conditions (1.5% 02, 2.0% CO2) that were unfavorable to 
the development of the pathogen. 8 
Characteristics of an ideal biocontrol agent 
There are several characteristics that are desired in successful postharvest 
biocontrol agents. Many of these characteristics are related directly or indirectly 
to their compatibility with the postharvest environment (Roberts, 1994). 
Antagonists must be effective at relatively low concentrations in one to several 
pathogen-host combinations. They also must be genetically stable and able to 
survive adverse environmental conditions such as low temperatures and 
controlled atmosphere storage. These organisms should not have unusual 
nutrient requirements, they must be inexpensive to produce, and easy to 
disperse. For integration with existing control practices, biological antagonists 
must be compatible with pesticides and with commercial fruit handling 
practices. Antagonists should not produce metabolites that are deleterious to 
human health and they must be nonpathogenic to the host commodity (Wilson 
and Wisniewski, 1989). 
Preharvest management to enhance postharvest biocontrol 
Integrating postharvest biocontrol into modern production, storage, and 
handling systems must begin before harvest. Preharvest factors that affect fruit 
quality, such as mineral nutrition and maturity at harvest, are important factors 
in the efficacy of postharvest biological control agents. Calcium sprays during 
the growing season can increase fruit firmness and decrease the incidence of 
certain disorders such as bitter pit (Roberts, 1994). Conway and Sams (1983) 
reported increased resistance of apples to postharvest decay caused by P. 
expansum by immersion infiltrating fruit with calcium chloride. Field 
applications of calcium chloride also can increase resistance in apple fruit to 
postharvest infection by B. cinerea (Roberts and Raese, 1990). Sugar et al (1994) 9 
reported that the incidence and lesion size of blue mold on Bosc pears stored for 
2 mo. at 0 C were reduced by minimizing fruit nitrogen and maximizing fruit 
calcium content and by use of postharvest C. laurentii applications. Effect of 
foliar calcium sprays and postharvest yeast applications were additive in 
reducing fruit decay. Similar results were obtained by McLaughlin et al (1990a) 
who reported that applying the yeast, Candida sp., in 2% calcium chloride 
significantly increased control of blue mold and gray mold on apple compared 
to applying either the yeast or calcium chloride alone. Calcium caused a 
reduction of pathogen spore germination and induce changes in the cell wall of 
the fruit, rending the fruit more resistance to enzymes produced by the 
pathogen. 
Degree of fruit maturity at harvest also affects biocontrol efficacy.  Late-
picked, over-mature fruit are more susceptible to decay than are fruit picked at 
optimal storage maturity (Sommer, 1982). Roberts (1994) states that it is 
essential that fruit be picked at optimal maturity for long term storage if 
biocontrol is to be optimized. Overmature d'Anjou pear fruit were more 
susceptible to Mucor rot when treated with Cryptococcus laurentii immediately 
after harvest than fruit picked at optimal maturity (Roberts, 1990b). 
Other factors required for successful postharvest biocontrol include the 
integration of a thorough sanitation program that reduces pathogen 
contamination in water systems and surfaces that contact fruit in the 
packinghouse. Janisiewicz and Roitman (1988) demonstrated that when 
pathogen spore concentrations increase, biocontrol efficacy decreases.  A similar 
result was obtained by Roberts (1994) who treated wounds of Golden Delicious 
apples with varying concentrations of C. laurentii cells, and then challenged 
inoculated fruit with conidia of Penicillium expansum at increasing 
concentrations. Higher concentrations of P. expansum resulted in an increased 
incidence of disease, regardless of the yeast concentration. 
Temperature management is critical for enhancing biocontrol of 
postharvest decay. Roberts (1990a) demonstrated that as storage temperature 10 
decreases, the efficacy of biological disease control increases. A linear, positive 
relationship was observed between the percentage of apple fruit that developed 
gray mold during storage and the storage temperature for C. laurentii-treated 
fruit. Janisiewicz et al (1991) demonstrated that a lower concentration of 
pyrrolnitrin, a metabolite of Pseudomonas cepacia and other Pseudomonas 
species, was needed at 2 C than at 24 C to protect apple and pear fruit from gray 
mold and blue mold. Consequently, it will be advantageous to treat fruit with 
biocontrol agents as quickly after harvest as possible, and to cool the fruit as 
rapidly as possible to retard pathogen development (Sommer, 1982). 
Rationale, justification and objectives 
Apple contributes significantly to the quality of the Ecuadorian diet. On 
Ecuador's highland, apple orchards were established many years ago and they 
are still managed using traditional methods. In Ecuador, apple production is 
31,500 metric tons (Ministerio de Agricultura, 1988). Postharvest rots are major 
diseases that limit apple commercialization. Current control consists mainly of 
dipping the fruit in synthetic fungicides; however, public and scientific concerns 
regarding the detrimental use of pesticides has increased interest in alternative 
methods of control. 
Introduction of epiphytic yeasts has been shown to decrease rots of fruit 
through site competition (Roberts, 1990, McLaughlin et al, 1992). Recently, the 
production and commercial use of yeasts to control fruit rots was initiated in the 
USA (Ecogen Inc., 1995). These novel biological products, however, are not 
available in developing countries. Consequently, development of skills and 
methods to assess indigenous microbial biocontrol agents for their potential to 
suppress blue mold and gray mold on pome fruits in Ecuador is necessary. 11 
Introduction of efficient epiphytic yeasts may be accepted by growers and 
packers in Ecuador. 
A program of yeast screening should be complemented with their 
identification. TTS region and small subunit rDNA sequencing or mitochondrial 
DNA RFLP are currently techniques used to classify yeasts; however, 
characterization of yeasts based on their physiological, morphological and 
cultural features is the best alternative for developing counties, where the rDNA 
methodology is expensive and not readily available. 
The purpose of this study was to learn (i) to evaluate naturally occurring 
epiphytic yeasts isolated from apple leaves for their ability to control two 
postharvest diseases of apple: gray mold and blue mold, and (ii) to identify the 
yeast isolates to the genus or species level considering their physiology, 
morphology and cultural characteristics. 12 
Materials and Methods 
Sampling of phylloplane yeasts 
Apple trees to which no pesticides had been applied recently were 
selected for sampling from six different backyards in Corvallis, OR. Forty leaves 
were collected randomly from each tree, placed in paper bags and taken 
immediately to the laboratory.  Phylloplane yeasts were detached from the 
leaves by shaking for 15 min at 500 rpm in 0.01 % phosphate buffer containing 
0.001 % Tween 20. Serial dilutions of the suspensions were plated onto Difco
 
nutrient-yeast extract-dextrose agar (NYDA) amended with 100 ppm of
 
streptomycin sulfate and incubated at 24 C for 3-5 days. Colonies that
 
apparently inhibited filamentous fungi in the original isolation plates were
 
transferred onto new plates of NYDA medium to ensure purity.
 
Pathogens 
Isolate 265 of Botrytis cinerea (benomyl and iprodione sensitive) from 
strawberry in Oregon (K. Johnson) and the GUO isolate of Penicillium expansum 
from pear in Oregon (D. Sugar) were used in all experiments. Pathogenicity of 
the two strains in apple fruit was tested in a preliminary assay. 
Effect of the epiphytic yeasts on mycelial growth inhibition of B. cinerea and
P. expansum in vitro 
The relative ability of epiphytic yeast isolates to inhibit the mycelial 
growth of B. cinerea and P. expansum was studied under in vitro conditions in 13 
NYDA medium. Cryptococcus laurentii isolate 87-108, Wenatchee, WA, which 
has been used effectively to control gray and blue mold (Roberts, 1990; Sugar et 
al, 1994) was included in all experiments. Yeast isolates were streaked in two 
parallel lines, one centimeter apart, across petri plates containing NYDA 
adjusted to pH 4.5 or 7.0. After one day, 6 mm diameter-mycelial plugs of B. 
cinerea and P. expansum were cut from actively growing cultures grown for 7 
days on potato dextrose agar. Two mycelial plugs were transferred to the assay 
plates, each at a distance of 10 mm outside of the streaked lines of the yeast 
isolates. Controls were mycelial plugs paired on plates without yeasts. Petri 
plates were incubated both at room temperature (24 C) for 8 days, and in a cold 
room at (1 C) for 30 days. After incubation, the mycelial growth inhibition of 
the pathogens was determined by the difference (mm) between the radius of 
mycelial growth of the colony toward the edge of the petri plate minus the 
radius of pathogen mycelial growth toward the antagonist. Each yeast isolate 
was replicated in four single petri plates (two plugs per plate) in a completely 
randomized design. Analysis of variance was used to test for differences among 
the yeast isolates to inhibit the mycelial growth of  B. cinerea or P. expansum. 
The Fisher's protected least significant difference was used for the separation of 
the means. Data were analyzed using MSTAT software (1991). 
Effect of the epiphytic yeasts on the germination of B. cinerea and P. 
expansum conidia in apple juice 
The ability of epiphytic yeast to suppress spore germination of B. cinerea 
and P. expansum was tested in apple juice at five dilutions. Yeasts grown on 
NYDA medium for 3-4 days at 28 C, were resuspended in phosphate buffer 
0.0005 M, pH 4.5, to a concentration of 1 x 107 cfu/ml (absorbance = 0.5 Asp, 
as determined by an spectrophotometer). Golden Delicious apples were ground 
and the juice was extracted. Conidial suspensions of B. cinerea and P. 14 
expansum (104 conidia/ml) were prepared in filter-sterilized apple juice at 100, 
50, 10, 1 and 0 % of concentration, diluted with phosphate buffer (0.0005 M), pH 
4.5. Equal aliquots of each yeast suspension (100 ul) and each pathogen 
suspension (100 ul) were mixed thoroughly in wells of plastic microliter plates 
(17 mm in diameter). Controls were aliquots of 200 ul of the pathogen 
suspensions without yeasts. After 24 h of incubation at 5 C, the germination of 
200 conidia was determined and expressed in percent. Four single-well 
replications represented each combination of yeast x pathogen x juice 
concentration. Conidial germination data were analyzed separately for each 
pathogen using a 2 factor (yeast, juice concentration) ANOVA procedure 
(MSTAT, 1991). The Fisher's protected least significant difference was used for 
separation of the means. 
Effect of the yeast supernatant or washed yeasts cells on control of fruit rot
caused by B. cinerea and P. expansum 
To determinate if extracellular metabolites produced in culture broth are 
responsible for antagonism of yeast isolates against B. cinerea and P. expansum, 
yeast isolates were grown for 48 h in nutrient yeast dextrose broth (NYDB) 
medium on a rotatory shaker at 100 rpm at 24 C. Cultures were adjusted with 
sterile phosphate buffer 0.0005 M, pH 4.5, to give suspensions of 1.0 x 107 
cells/ml (0.5 A595nm absorbance). Cells and culture broth were separated by 
centrifugation for 10 min at 7,000 rpm. The supernatant was decanted, and 
filtered through a 0.2-urn polycarbonate membrane filter. Yeast pellets were 
washed one time with phosphate buffer 0.0005 M, and resuspended. Fruit 
firmness was measured on a penetrometer with a 6-mm tip. Fruit with a 
firmness between 65-70 Newtons were used for all in vivo experiments. After 
two rinses with water, two wounds were made in opposing cheeks of twelve 
Golden Delicious apples per yeast isolate. Wounds were made with a sterile 15 
cork borer (6 mm wide and 6 mm deep). Twenty microliters of cell-free culture 
supernatant, suspensions of washed yeast-cells, or buffer were introduced into 
apple wounds. After 30 min, conidial suspensions of B. cinerea or P. expansum 
were introduced into each wound. Positive controls were inoculated with 20 ul 
of the pathogen spore suspensions only, and negative controls with 20 ul of 
buffer. Fruit was incubated on cardboard trays sealed in plastic bags for 8 days 
at 24 C. After incubation, each fruit was sliced through the wound. The size of 
the internal lesion in the fruit was measured, in one direction, perpendicular to 
the fruit axis running from the blossom end to stem insertion. Each treatment 
consisted of 4 replications arranged in a randomized complete block design; 
three apples were used per replication. Lesion size data were analyzed by 
ANOVA using MSTAT procedures (1991). The Fisher's protected least 
significant difference was used for separation of the means. 
Fruit rot control 
The ability of antagonist yeasts to control the postharvest pathogens 
Botrytis cinerea and Penicillium expansum was studied on apples stored at 24 C 
and 5 C. Yeast isolates for testing were grown at room temperature for 3 days in 
NYDB. Prior to inoculation into apple wounds, the concentration of yeast 
isolates were adjusted to a concentration of 1 x 107 cfu/ml (0.5 A595., absorbance) 
with phosphate buffer 0.0005 M, pH 4.5. After two rinses with water, Golden 
Delicious apples were wounded with a sterile cork borer (6 mm wide and deep). 
Twenty microliters of each yeast suspension were introduced into two wounds 
on each apple. After 30 min, 20 ul of spore suspensions of Botrytis cinerea or 
Penicillium expansum at 2 x 104 spores per milliliter (as determined by an 
hematocytometer) were inoculated into each two apple wounds. For this 
purpose, pathogen inoculum was prepared from cultures that were 1 wk-old. 16 
Positive controls consisted of wounded fruit that received pathogen spores but 
were not treated previously with yeast isolates. Wounded, buffer-treated fruit 
served as a negative control. Each pathogen x yeast isolate combination was 
replicated four times. Three apples were inoculated per replication in a 
randomized complete block design. Inoculated fruit were held on cardboard 
trays in closed plastic bags at room temperature for 8 days and in cardboard 
trays in storage boxes held at 5 C, for 3 wk. After incubation, each fruit was 
sliced through the wound. The size of the internal lesion was measured, in one 
direction, perpendicular to the fruit axis running from the blossom end to stem 
insertion. Lesion size data were analyzed by ANOVA using MSTAT procedures 
(1991). The Fisher's least significant difference was used for separation of the 
means. 
Survival of yeast antagonists in apple fruit 
The ability of antagonistic yeast isolates to survive in wounds in apple 
fruit stored both at room temperature and at low temperature was measured 
every 5 days, for up to 25 days after the inoculation. Yeasts were grown on 
NYDA medium for 4 days at 28 C. Cells were resuspended in phosphate buffer 
to give suspensions of 1.0 x 107 cfu/ml (0.5 A595,m absorbance). After two rinses 
with water, Golden Delicious apple fruit were wounded with a sterile cork borer 
(6 mm wide and 6 mm deep). Twenty microliters of the yeast suspensions were 
introduced into the one wound of each of apple fruit. Each yeast isolate was 
introduced into 18 fruits.  On each sampling date three fruits of each isolate 
were processed to determine the yeast population in the wounded site. The fruit 
was placed on cardboard trays, sealed in plastic bags and incubated at 24 C or 5 
C. Serial dilutions were plated on NYDA medium to determinate the number of 
colony-forming units per gram of apple tissue. Apple tissues were prepared for 17 
dilution plating by removing the previously wounded area with a cork borer (11 
mm wide and 6 mm deep), which was followed by weighing and grinding of 
the tissue in 0.450 ml of phosphate buffer 0.0005 M plus Tween 20. Serial 1:10 
dilutions were prepared in phosphate buffer 0.01% plus Tween 20. Two 
hundred microliters of each dilution were plated in NYDA medium, amended 
with streptomycin sulfate at 100 ppm. The inoculated culture dishes were 
incubated at 28 C for 48 hr, and the colonies were counted. Colony counts were 
transformed to the log io cfui per gram of tissue. Yeast survival data were 
analyzed by ANOVA using MSTAT procedures (1991).  The Fisher's protected 
least significant difference was used for separation of the means. 18 
Results 
Effect of the epiphytic yeasts on mycelial growth inhibition of B. cinerea and 
P. expansum 
Eight yeasts isolated from apple leaves were selected for further 
evaluation based on their antagonistic activity against the postharvest pathogens 
B. cinerea and P. expansum. These isolates were characterized to the genus or 
species level (Appendix). On NYDA medium at pH 7.0, C. laurentii 87-108 and 
isolate 52 (5, roseus) significantly (P 5 0.05) suppressed radial growth of 
mycelium of B. cinerea when compared with the other isolates, after 8 or 30 
days of incubation at 24 or 1C, respectively (Table 1).  Isolate 35 ( Cryptococcus 
sp.) also had a significant (P .5 0.05) effect on the mycelial inhibition of B. cinerea 
after 30 days of incubation at 1 C ( Table 1). C. laurentii 87-108, isolate 7 
(Cryptococcus sp.), isolate 52 (S. roseus), and isolate 59 (A, pullulans) 
significantly (P 5 0.05) suppressed mycelial growth of P. expansum after 8 days 
of incubation at 24 C (Table 2). On the other hand, only isolate 73 (Rhodotorula 
sp.) significantly (P 5 0.05) inhibited mycelial growth of P. expansum after 30 
days of incubation at 1C (Table 2). 
On NYDA medium pH 4.5, after 8 days of incubation at 24 C, isolate 52 
roseus), isolate 59 (A, pullulans), and isolate 73 (Rhodotorula sp.) 
significantly (P 5_ 0.05) suppressed radial growth of mycelium of B. cinerea 
when compared with the other isolates (Table 1).  C. laurentii 87-108, isolate 4 
(Rhodotorula sp.), isolate 52 (5, roseus), isolate 56 ( Rhodotorula sp.), isolate 59 
(A, pullulans), and isolate 73 (Rhodotorula sp.) significantly (P 5. 0.05) reduced 
radial growth of mycelium of B. cinerea after 30 days of incubation at 1 C (Table 
1).  C. laurentii 87-108, isolate 43 (Cryptococcus sp.), isolate 52  roseus), 
isolate 56 (Rhodotorula sp.), and isolate 73 (Rhodotorula sp.) significantly 
(P 5. 0.05) inhibited mycelial growth of P. expansum after 8 days of incubation at 19 
24 C (Table 2).  C. laurentii 87-108, isolate 35 (Cryptococcus sp.), isolate 43 
(Cryptococcus sp.), isolate 52 (S. roseus), isolate 59 (A, pullulans), and isolate 73 
(Rhodotorula sp.) significantly (P  0.05) inhibited mycelial growth of P. 
expansum after 30 days of incubation at 1 C (Table 2).  Yeast isolates that did 
not have a significant (P  0.05) effect on suppression of mycelial growth 
reduction of B. Cinerea or P. expansum generally affected pathogen growth at 
an intermediate level (Tables 1 and 2). 
Effect of the epiphytic yeasts on the germination of B. cinerea and P. 
expansum conidia in apple juice 
Spore germination of B. cinerea was positively correlated with the 
concentration of apple juice. For example, conidia germination in phosphate 
buffer alone was 3 %, and germination in 1, 10, 50 and 100 % apple juice was 
15, 35, 75 and 87 %, respectively, after 24 h of incubation at 5 C (Table 3). Spore 
germination of B. cinerea was reduced when co-cultured with the yeast isolates 
in concentrated apple juice. C. laurentii 87-108, isolate 52 (S. roseus), 
isolate 59 (A, pullulans), and isolate 73 (Rhodotorula sp.) significantly (P  0.05) 
reduced spore germination of B. cinerea by 61, 58, 58, and 33  %, respectively, 
when compared to the no yeast treatment Germination of B. cinerea conidia 
also was reduced significantly (P 5 0.05) when co-cultured with each of the four 
yeast isolates in apple juice diluted at 50 % (Figure 1).  C. laurentii 87-108, 
isolate 52 (S. roseus), isolate 59 (A, pullulans), and isolate 73 (Rhodotorula sp.) 
significantly (P  0.05) reduced conidial germination of B. cinerea by 35, 31, 21, 
and 24 %, respectively, when compared to the no-yeast treatment (Table 3).  In 
contrast, when the yeast isolates were co-cultured with B. cinerea on apple juice 
at concentrations of 10 or 1 % of raw juice, conidia germination was significantly 
(P  0.05) higher than the no-yeast control. In 0% apple juice, the yeast isolates 20 
Table 1. Inhibition of radial growth of mycelium of B. cinerea with yeast isolates 
obtained from apple leaves and grown on NYDA media pH 7.0 and 4.5, for 8 or 
30 days at 24 or 1 C, respectively. x 
NYDA pH 7.0  NYDA pH 4.5 
Yeast isolate 
8 days  30 days  8 days  30 days 
C. laurentii 87-108 Y  9.1 ab z  5.1 ab z  10.6 bc z  2.5 a z 
4 (Rhodotorula sp.)  3.8 fg  1.5 of  9.4 c  1.6 ab 
7 (Cryptococcus sp.)  6.2 de  1.6 of  2.1 de  0.5 bc 
35 (Cryptococcus sp.)  5.1 of  4.8 abc  3.0 d  0.3 c 
43 (Cryptococcus sp.)  5.8 de  2.5 de  2.6 d  0.3 c 
52 (S, roseus)  10.0 a  6.1 a  12.8 a  2.9 a 
56 (Rhodotorula sp.)  3.0 g  0.5 f  10.0 be  2.3 a 
59 (A, pullulans)  7.8 bc  4.4 lx  12.0 ab  2.5 a 
73 (Rhodotorula sp.)  7.3 cd  3.4 cd  12.0 ab  2.3 a 
Control  0.9 h  0.3 f  0.4 e  0.3 c 
x- Difference (mm) between the radius of mycelial growth of the pathogen
 
colony toward the edge of the petri plate minus the radius of mycelial growth of
 
the colony toward the antagonist.
 
y- epiphytic yeast isolated by Roberts (1990), Wenatchee, WA.
 
z- Means followed by the same letters are not significantly different at P = 0.05 as
 
determined by the Fisher's protected least significant difference.
 
had no effect on germination of B. cinerea conidia (P  0.05) compared to the no-

yeast control (Table 3 and Figure 1).
 
Similarly, spore germination of P. expansum was positively correlated 
with the concentration of apple juice. Germination of P. expansum conidia in 
phosphate buffer alone was 4 %, and in 1, 10, 50, and 100 % apple juice percent 
was 12, 29, 89 and 95 %, respectively (Table 4). Conidia germination of P. 
expansum was reduced when co-cultured with the yeast isolates in concentrated 
apple juice. C. laurentii 87-108, isolate 52 (S. roseus), isolate 59 (A, pullulans), 21 
Table 2. Inhibition of radial growth of mycelium of P. expansum with yeast 
isolates obtained from apple leaves and grown on NYDA media pH 7.0 and 4.5,
for 8 or 30 days at 24 or 1 C, respectively.. 
NYDA pH 7.0  NYDA pH 4.5 
Yeast isolate 
8 days  30 days  8 days  30 days 
C. laurentii 87-108 Y  7.7 a z  2.8 cd z  6.4 a z  4.3 a z 
4 (Rhodotorula sp.)  5.1 c  1.8 de  3.5 ab  1.5 bcd 
7 (Cryptococcus sp.)  6.4 abc  2.6 cd  3.6 ab  1.5 bcd 
35 (Cryptococcus sp.)  2.9 d  3.1 bc  4.1 ab  3.1 abc 
43 (Cryptococcus sp.)  5.1 c  1.8 de  6.0 a  3.2 ab 
52 (S roseus)  6.5 abc  4.1 b  6.2 a  3.3 ab 
56 (Rhodotorula sp.)  2.6 d  1.3 of  6.6 a  1.4 cd 
59 LPL pullulans)  7.0 a  4.1 b  5.3 ab  4.3 a 
73 (Rhodotorula sp.)  5.6 bc  8.0 a  7.0 a  3.8 a 
Control  0.6 e  0.4 f  1.9 b  1.0 d 
x- Difference (mm) between the radius of mycelial growth of the pathogen 
colony toward the edge of the petri plate minus the radius of mycelial growth of 
the colony toward the antagonist 
y- epiphytic yeast isolated by Roberts (1990), Wenatchee, WA. 
z- Means followed by the same letters are not significantly different at P = 0.05 as 
determined by the Fisher's protected least significant difference. 
and isolate 73 (Rhodotorula sp.) significantly (P  0.05) reduced spore 
germination of P. expansum by 52, 47, 43, and 22 %, respectively, when 
compared to the no-yeast treatment. Conidia germination of P. expansum also 
was inhibited when co-cultured with each of the four yeast isolates in apple juice 
diluted at 50 % (Figure 2).  C. laurentii 87-108, isolate 52 (S roseus), isolate 59 
(6, pullulans), and isolate 73 (Rhodotorula sp.) significantly (P  0.05) reduced 
conidia germination of P. expansum in the range of 34, 40,16, and 16 %, 
respectively, when compared to the no-yeast treatment. However, when the 22 
TABLE 3. Effect of four antagonist yeast isolates and five apple juice 
concentrations on the germination of conidia of B. cinerea after 24 h of 
incubation at 5 C. Y 
Apple juice (%) 
0  1  10  50  100 
Yeast isolate 
C. laurentii 87-108 
52 (S. roseus) 
59 (6, pullulans) 
6.2 a z 
6.9 a 
6.9 a 
32.2 a z 
20.2 b 
20.2 b 
38.3 a z 
40.2 a 
22.6 c 
40.7 c z 
44.7 c 
54.6 b 
26.2 d z 
29.4 c 
28.9 c 
73 (Rhodotorula sp.) 
_No-yeast 
2.5 a 
3.0 a 
30.3 a 
14.9 c 
32.9 b 
34.5 b 
51.7 b 
75.3 a 
54.2 b 
86.9 a 
TABLE 4. Effect of four antagonist yeast isolates and five apple juice 
concentrations on the germination of conidia of P. expansum after 24 h of
incubation at 5 C. Y 
Apple juice (%) 
0  1  10  50  100 
Yeast isolate 
C. laurentii 87-108 
52  roseus) 
59 (2L pullulans) 
4.4 a z 
3.6 a 
6.0 a 
42.8 a z 
29.3 b 
29.1 b 
52.1 a z 
43.7 b 
33.9 c 
54.9 c z 
49.3 d 
73.1 b 
43.0 e z 
48.2 d 
52.2 c 
73 (Rhodotorula sp.) 
No-yeast 
2.2 a 
3.8 a 
23.0 c 
11.7 d 
37.2 c 
29.3 d 
73.2 b 
89.2 a 
72.9 b 
94.8 a 
y- Germination of 200 spores is expressed in percentage 
z- Means followed by the same letters are not significantly different at P = 0.05 
as determined by the Fisher's protected least significant difference. 23 
Figure 1. Effect of four antagonist yeasts isolates and five apple juice 
concentrations on the germination of conidia of B. cinerea after 24 h of 
incubation at 5 C. 
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Figure 2. Effect of four antagonist yeasts isolates and five apple juice 
concentrations on the germination of conidia of P. expansum after 
24 h of incubation at 5 C. 
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Note: Among isolates, bars of the same apple juice concentration with the same 
letter above are not significantly (P  0.05) different as determined by the 
Fisher's protected least significant difference. 24 
yeast isolates where co-cultured with P. expansum in 1 or 10% apple juice, 
pathogen germination was significantly higher than the no-yeast control.  In 0 
% apple juice, the yeast isolates had no effect on germination of P. expansum 
conidia compared to the no-yeast treatment (Table 4 and Figure 2). 
Effect of the yeast supernatant or washed yeasts cells on control of fruit rot
caused by B. cinerea and P.  expansum 
Wounded fruit treated with washed cells of C. laurentii 87-108, isolate 52 
roseus), isolate 59 (A, pullulans), or isolate 73 (Rhodotorula sp.) developed 
significantly (P  0.05) smaller lesions after inoculation with B. cinerea than 
those treated with buffer only (Table 5). Conversely, wounded fruit treated with 
cell-free supernatant from cultures of C. laurentii 87-108, isolate 52 (S, roseus), 
isolate 59 (_,L pullulans), or isolate 73 (Rhodotorula sp.) developed lesions that 
were similar in size to than those inoculated with pathogen suspensions only 
(Table 5). 
For P. expansum, wounded fruit pretreated with washed cells of C 
laurentii 87-108, isolate 52 (5 roseus), isolate 59 (A, pullulans), or isolate 73 
(Rhodotorula sp.) developed lesions that averaged 6.2, 9.7, 6.2, and 8.2 
millimeters in diameter, respectively, which were significantly less (P  0.05) 
than those of treated with buffer only (Table 6). Conversely, wounded fruit 
treated with cell-free supernatant from cultures of C. laurentii 87-108, isolate 52 
roseus), isolate 59 (A, pullulans), or isolate 73 (Rhodotorula sp.) did not affect 
the size of blue mold lesions significantly (P  0.05) when compared those of 
inoculated with the pathogen suspensions only (Table 6). Several of the buffer-
treated fruit developed a small amount of necrosis. 25 
TABLE 5. Diameter of gray mold lesions following the treatment of wounds of 
Golden Delicious apple with the supernatant of yeast isolate cultures or 
resuspended washed yeast cells after 8 days of incubation at 24 C. u 
Internal lesion diameter (mm) 
Yeast isolate  Supernatant suspension  Washed cells 'AY 
C. laurentii 87-108  20.1 a .  4.0  bcdz
 
52 (5, roseus)  16.3 a  6.9  b
 
59 (A, pullulans)  15.3 a  2.6  cd
 
73 (Rhodotorula sp.)  18.2 a  6.0  bc
 
Control + x  17.7 a  22.6  a
 
Control - Y  0.6 b  0.4
  c 
TABLE 6. Diameter of blue mold lesions following the treatment of wounds of 
Golden Delicious apple with the supernatant of yeast isolate cultures or 
resuspended washed yeast cells after 8 days of incubation at 24 C. u 
Internal lesion diameter (mm) 
Yeast isolate  Supernatant suspension '7  Washed cells W 
C. laurentii 87-108  22.6 a z  6.2  c .
 
52 (S. roseus)  21.1 bc  9.7  b
 
59 (A pullulans)  21.8 abc  6.2  c
 
73 (Rhodotorula sp.)  20.7 c  8.2  b
 
Control + x  22.2 ab  21.5  a
 
Control - Y  0.0 d  0.4  d
 
u- Twenty-four wounds were evaluated per treatment: 4 replications, 3 fruit per 
replication, 2 wounds per fruit. 
v- Lesion diameter of fruit wounds pretreated with yeast supernatant prior to 
inoculation with the pathogen. 
w- Lesion diameter of fruit wounds pretreated with washed cells of yeast isolates prior 
to inoculation with the pathogen. 
x- Wounds received only buffer before inoculation with pathogen suspensions. 
y- Wounds inoculated with phosphate buffer 0.005 M. 
z- Means within a column followed by the same letters are not significantly different at 
P = 0.05 as determined by the Fisher's protected least significant difference. 26 
Fruit rot control 
C. laurentii 87-108, isolate 52 (5, roseus), and isolate 59 (6, pullulans) 
reduced lesion development caused by gray mold on Golden Delicious apple 
incubated for 8 days or 3 weeks at 24 C or 5 C, respectively (Table 7). Mean 
lesion size of these treatments were significantly (P  0.05) smaller than control 
treatment, which was inoculated only with phosphate buffer prior to the 
pathogen suspension.  Isolate 73 (Rhodotorula sp.) however, did not reduce 
lesion size compared to the treatment inoculated only with the pathogen 
suspensions (Table 7). 
Treatments inoculated with C. laurentii 87-108, isolate 52 (5, roseus), 
isolate 59 (A, pullulans), and isolate 73 (Rhodotorula sp.) significantly (P 5 0.05) 
reduced size of blue mold lesions in Golden Delicious apple stored for 8 days or 
3 wk at 24 C or 5 C, respectively (Table 8).  Lesion diameters on fruit incubated 
at 24 C were larger than those on fruit incubated at 5 C. 
Survival of yeast antagonists in apple fruit 
Population densities of C. laurentii 87-108, isolate 52 (5 roseus), isolate 59 
(A, pullulans), and isolate 73 (Rhodotorula sp.) increased on wounds of Golden 
Delicious apple incubated at 24 or 5 C. On fruit stored at 24 C, populations of C 
laurentii, and isolates 52, 59 and 73 significantly (P  0.05) increased 2.8, 1.5, 2.4, 
and 1.9 log units, respectively, over a 25-day period after inoculation (Figure 3). 
However, the population size of all four strains on a given date were not always 
higher than on the previous date (Figure 3). 27 
TABLE 7. Diameter of gray mold lesions after 8 days or 3 weeks of incubation at 
24 or 5 C, respectively, following the pretreatment of wounds of Golden 
Delicious apple with the suspensions of four yeast isolates. t 
Internal lesion diameter (mm) 
Yeast isolate  24 C v  5 C tv 
C. laurentii 87-108 u  2.3 c z  2.1  cz
 
52 (5, roseus)  6.2 a  be
 4.2
 
59 (A pullulans)  2.4 c  2.2  c
 
73 (Rhodotorula sp.)  20.4 a  8.4  ab
 
Control + x  22.5 a
  11.2  a
 
Control - Y  0.0 d  0.2
  c 
TABLE 8. Diameter of blue mold lesions after 8 days or 3 weeks of incubation at 
24 or 5 C, respectively, following the pretreatment of wounds of Golden 
Delicious apple with the suspensions of four yeast isolates. t 
Internal lesion diameter (mm) 
Yeast isolate  24 C v  5C w 
C. laurentii 87-108 u  22.6 a z  6.2  cz
 
52 (S. roseus)  21.1 lx  9.7  b
 
59 (A, pullulans)  21.8 abc  6.2  c
 
73 (Rhodotorula sp.)  20.7 c  8.2  b
 
Control + x  22.2 ab
  21.5  a
 
Control  0.0 d  0.4  d
 Y 
t- Twenty four wounds were evaluated per treatment: 4 replications, 3 fruit per 
replication, 2 wounds per fruit. 
u-epiphytic yeast isolated by Roberts (1990), Wenatchee, WA. 
v- Lesion diameter of wounded fruit stored for 8 days at 24 C. 
w- Lesion diameter of wounded fruit stored in the cold room for 3 weeks at 5 C. 
x- Wounded fruit received buffer only prior to inoculation with pathogen suspensions. 
y- Wounded fruit inoculated with phosphate buffer 0.01%. 
z- Means within a column followed by the same letters are not significantly different at 
P = 0.05 as determined by the Fisher's protected least significant difference. 4 
28 
Figure 3. Recovery of four yeast isolates from wounds of Golden Delicious 
apple every 5 days for up to 25 days of incubation at 24 C. 
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Figure 4. Recovery of four yeast isolates from wounds of Golden Delicious 
apple every 5 days for up to 25 days of incubation at 5 C. 
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On fruit stored at 5 C, populations of C. laurentii 87-108, isolate 52 (5, 
roseus), isolate 59 (P.L pullulans), and isolate 73 (Rhodotorula sp.) significantly 
(P  0.05) increased 2.6, 1.4, 1.5, and 1.1 log units, respectively,  over the 25-day 
period after inoculation into wounds (Figure 4).  Population sizes of all four 
yeasts, however, did not always increase from one sampling date to the next 
(Figure 4). 30 
Discussion 
This research highlights the interaction of naturally occurring yeasts 
isolated from apple leaves and two postharvest pathogens under different 
conditions, such as artificial media at two different pH, apple juice at five 
different concentrations, and wounded tissue of apple cultivar Golden Delicious. 
Antibiosis of epiphytic yeasts toward B. cinerea or P. expansum has not been 
exhibited in previous studies (Roberts, 1990a, McLaughlin et al, 1992).  In this 
study, however, a consistent zone of inhibition was observed between the 
growth of the yeasts and the mycelial growth of the two postharvest pathogens 
on acid or neutral NYDA medium after 30 or 8 days of incubation at 1 or 24 C, 
respectively (Table 1 and 2). These results may suggest that antagonism of 
phylloplane yeasts toward B. cinerea and P. expansum is by production of 
antifungal compounds. Recently, McCormack et al (1994) detected the presence 
of antifungal and antibacterial compounds in culture filtrates of  C. laurentii, A. 
pullulans, and R. glutinis. Conversely, in vitro suppression also may result 
from nutrient deletion of media by the yeast isolates. 
Suspensions of naturally occurring yeasts in apple juice at concentrations 
50% significantly reduced conidia germination of B. cinerea or P. expansum 
(Table 3 and 4).  Either antibiosis or competition for carbon and nitrogen sources 
between cells of epiphytic yeasts and conidia of gray mold or blue mold could 
be responsible for this result The fact that the most suppression occurred at 
higher juice concentrations suggests that rapid growth of yeasts is important in 
the inhibition obtained. Conidia germination of some strains of B. cinerea are 
known to be affected by the carbohydrate and nitrogen status of their immediate 
environment (Blakeman, 1975). Competition for aminoacids and glucose has 
been suggested to play a role in other studies that have used epiphytic bacteria 
to reduce conidia germination of Botrytis cinerea (Blakeman and Frasier, 1971). 31 
Wisniewski et al (1989) demonstrated that inhibition of R. stolonifer by E. 
cloacae was achieved in media containing a variety of sugars that normally 
sustain germination and growth of the pathogen. Janisiewicz and Bors (1995) 
stated that the biocontrol of P. expansum by P. syringae is a result of its broad 
nitrogen-utilization capacity; however, the biocontrol of P. expansum by S. 
roseus is because its effective utilization of carbon sources. 
The strongest evidence for nutrient competition was provided by 
inoculations of wounded fruit with the washed yeast cells or the supernatants 
from yeast broth cultures. Wounded fruit treated with washed cells of C. 
laurentii 87-108, isolate 52 (5, roseus), isolate 59 (A, pullulans), and isolate 73 
(Rhodotorula sp.) reduced lesion development caused by B. cinerea or P. 
expansum. This, in contrast to wounded fruit treated with the yeast 
supernatants (Table 5 and 6). It has been suggested that nutrient competition 
between yeast-cells and conidia of the pathogen in an apple wound plays a 
major role in the biocontrol of postharvest pathogens (Roberts, 1990, Janisiewicz, 
1994). Nonetheless, the mechanism of biocontrol of epiphytic yeasts may be 
more complex than just simple competition for nutrient resources.  Potentially, 
the suppression of postharvest pathogens by yeasts involves nutrient 
competition, site exclusion, attachment of the antagonist to the pathogen, 
induced resistance, direct parasitism (Wilson and Wisniewski, 1989, Droby et al, 
1989, 1994), and, perhaps, antibiosis. 
When wounds of Golden Delicious applewere pretreated with 
suspensions of C. laurentii 87-108, isolate 52 (S. roseus), and isolate 59 (A, 
pullulans) development of lesions caused by B. cinerea and P. expansum was 
reduced significantly (P s 0.05) when compared to the fruit treated only with 
phosphate buffer. No necrosis of fruit tissue was attributable to yeast 
application in wounds. Control of blue mold and gray mold with C. laurentii, 
87-108, isolate 52 (5, roseus), and isolate 59 (A, pullulans) was more efficient on 
fruit stored in the cold room for 3 wk when compared to fruit stored at room 32 
temperature (Tables 7 and 8). Growth at a cold temperature may be an 
advantage that naturally occurring yeasts have over postharvest decay 
pathogens. In fruit rot control experiments, the internal lesion diameter in the 
fruit was often larger than the external lesion diameter. This maybe due to 
larger amounts of phenolic compounds in fruit peels than the internal tissue 
(Boonyakiat, 1983). In addition, P. expansum lesions sporulated sooner and 
grew faster than those caused by B. cinerea after 3 wk of incubation in the cold 
room at 5 C. Sporulation of B. cinerea on stored fruit, unlike sporulation of P. 
expansum, was minimal because of the absence of light (Spotts and Cervantes, 
1986). 
The ability of C. laurentii 87-108, isolate 52 (S. roseus), isolate 59 (A, 
pullulans), and isolate 73 (Rhodotorula sp.) to multiply in wounded fruit and, 
perhaps, utilize available nutrients, may facilitate their biocontrol against B. 
cinerea and P. expansum. In this study, although the initial wound population 
of C. laurentii 87-108, isolate 52 (S. roseus), and isolate 59 (A, pullulans) did not 
increase before the fifth day of incubation, except isolate 52 (S. roseus) on fruit 
incubated at 24 C (Figure 3 and 4), considerable control of gray mold and blue 
mold was achieved on apple cultivar Golden Delicious incubated at 24 or 5 C for 
8 days or 3 weeks, respectively (Table 7 and 8).  Isolate 73 (Rhodotorula sp.) 
increased its population at the fifth day on fruit incubated at 24, but it did not on 
fruit incubated at 5 C (Figure 3 and 4). This isolate, however,  did not reduce the 
size of lesions caused by B. cinerea and P. expansum on apple cultivar Golden 
Delicious after incubation at 24 or 5 C, respectively. Janisiewicz et al (1992) 
stated that the biocontrol of P. expansum by non-antibiotic-producing agents is 
determined during the first 48 hr on apple stored under ambient conditions. 
Thus, the initial population size of effective isolates in wounds appeared to be 
sufficient to obtain disease suppression. 
It was interesting to note the variation of the different yeast isolates in 
their ability to inhibit mycelial growth, spore germination or lesion development 
in apple caused by B. cinerea and P. expansum. These few examples give a 33 
general impression of the complexity of interactions which may occur on the 
surfaces of apple fruits. Therefore, the selection and use of a single isolate may 
not be the best strategy for the biological control of apple storage diseases 
(McLaughlin et al, 1989; Roberts, 1990). The use of antagonists in mixtures may 
enhance biocontrol of phylloplane yeasts against gray and blue mold. Moreover, 
if competition for nutrients is already supported as the primary mode of action 
of phylloplane yeasts, the use of antagonists in mixtures may cause even greater 
depletion of nutrients essential to development of B. cinerea and P. expansum. 
Recently, A. pullulans in combination with Candida oleophila improved control 
of gray mold on apples relative to either strain alone (Mercier and Wilson, 1994); 
and P. syringae in mixture with S. roseus enhanced control of blue mold on 
apples (Janisiewicz and Bors, 1995). Other strategies toward improvement of 
biocontrol are the integration of biological agents with preharvest practices, such 
as addition of calcium (Sugar et al, 1994), and postharvest practices, such as the 
use of edible coatings to ensure better colonization and survival of yeast 
antagonists over the fruit surface (Janisiewicz and Bors, 1995; Potjewijd et al, 
1995). The combination of different techniques can create an environment on 
fruit surfaces which simultaneously improves apple quality, favors antagonistic 
yeasts and suppresses pathogens. 
Data from this study suggest that isolate 52 (S, roseus) and isolate 59 (A, 
pullulans) show promise for commercial development They suppressed 
mycelial grown and spore germination of B. cinerea and P. expansum and 
effectively suppressed fruit lesions caused by gray and blue mold at relatively 
low concentrations. In addition, they survived at low temperature, they were 
not fastidious in their nutrient requirements, and they did not grow at 37 C 
which is the human body temperature. Skills learned and methods used in this 
study will be useful to assess indigenous biocontrolyeasts for their potential to 
suppress blue mold and gray mold on pome fruit in Ecuador. 34 
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Characterization of Epiphytic Yeasts from Apple Leaves 
Introduction
 
Yeast species can be placed in ecological groups according to the kind of 
surface they colonize. Certain yeast groups are common to all stages of apple 
development regardless of geographical origins. There are, however, several 
important limitations to making comparisons among yeast microfloras isolated 
from apple. For instance, procedures for sampling and laboratory examination 
of yeast species are not standardized. Moreover, there can be differences in 
yeast classification depending on the investigator. Some authorities, for 
example, include Aureobasidium pullulans as a yeast-like organism (Davenport, 
1973) whereas others do not (Lodder, 1970 cited by Davenport, 1976). 
Physiological characteristics of yeasts in combination with their simple 
morphological features and cultural characteristics are useful tools for 
classification to the species level. Most of the characters are defined as the result 
of a particular test, e.g. fermentation, or assimilation. Since the results of the 
tests may be influenced by the test conditions, the latter have to be strictly 
standardized. This also holds for study of morphological and cultural features, 
which may vary with the medium of growth. Studies of DNA relatedness have 
made an extremely important contribution to the distinction of yeast species, 
because they have allowed comparison among species that either have no known 
sexual stage, or that fail to cross for other reasons such as homothallism or 
differences in ploidy. In general, DNA studies corroborate the systematic 
groupings of existing species. DNA data also have eliminated some species and 
created others (Kreger-van Rij, 1984). 41 
Physiological classification 
Of the physiological properties of yeasts, the kind of carbon compound 
assimilated is an important characteristic for distinguishing among genera and 
species. Wickerham (1951 cited by Kreger-van Rij, 1984) differentiated yeast 
isolates based on their growth on 31 different carbon compounds. The carbon 
compounds used in assimilation assays are chosen for their reliability under 
standard conditions. The number of carbon compounds routinely used in 
identification assays is 18. Compounds utilized include: hexoses (galactose); 
disaccharides (sucrose, maltose, lactose, trehalose);  trisaccharides (raffinose); 
polysaccharides (soluble starch, inulin); pentoses (D-xylose, L-arabinose, D-
ribose); alcohols (D-mannitol, inositol, methanol, glycerol); and organic acids 
(succinic acid, citric acid). As glucose is utilized by all yeasts, it is included as a 
standard for comparing the rate at which the other carbon sources are utilized. 
Some nitrogen compounds also are useful for the distinction of species in 
certain genera. For example, many genera are characterized by their inability to 
utilize nitrates, e.g. Sacharomyces, Pichia, and Debaryomyces, while in other 
genera, e.g. Hansenula all species utilize nitrate. Among the imperfect genera, 
however, both nitrate-positive and nitrate-negative species occur, e.g. Candida 
(Kreger-van Rij, 1984). 
Apart from the carbon source assimilation and fermentation reactions, 
other physiological properties of an isolate may be useful for identification to 
species. Vidal-Leira et al (1979) have shown that the growth of yeast isolates at 
37 C, and at other temperatures such as maximum temperature of growth, are 
valuable characteristics. Temperatures between 20 and 28 C are optimal for the 
growth of most yeast species. There are, however, exceptions, particularly those 
species which have specific and restricted habitats. For instance, yeasts from the 
polar regions proliferate very poorly at 20 C, but grow well at 4-15 C. On the 
other hand, some yeasts associated with warm-blooded animals fail to grow at 42 
20 C. The test of growth at 37 C may have an additional benefit in a biocontrol 
program. Wilson and Wisniewski (1994) suggest that growth of yeast isolates 
used as biological agents of postharvest pathogens should be evaluated at 37 C 
because lack of growth may be a good predictor of the isolate's harmlessness to 
humans. 
Osmotolerance, tested in two media, 50% glucose and 10% NaCI + 5% 
glucose, is used to differentiate several species. Yeasts recovered from high 
sugar or salt substrates are generally resistant to high osmotic pressures. While 
a large variety of yeast species grow well in glucose concentrations of up to 40%, 
a few species are capable of growth with sugar concentrations of between 50­
70% (Kreger-van Rij, 1984). 
Morphological characterization 
Of the morphological properties of epiphytic yeasts, the mode of 
vegetative (asexual) reproduction and shape of the ascospore are of primary 
importance. Asexual reproduction occurs in yeasts by budding, by fission or a 
combination of these two processes. Careful observation of conidiogenesis as a 
rule provides considerable information that greatly facilitates the identification 
of strains. Buds may arise either on yeast cells or on hyphae. Reproduction by 
budding is initiated by the formation of a small evagination at a point on the 
surface of the cell. Depending on how the bud is formed in terms of the 
ultrastructure of the cell wall, budding may be either holoblastic or enteroblastic. 
However, budding on yeasts also may be referred to in terms of the position of 
the budding sites. If budding is restricted to one pole of the mother cell, it is 
referred to as monopolar budding. If buds are formed exclusively at the distal 
poles of the mother cell, it is referred as bipolar budding. If budding implies at 43 
different sites on the mother cell, it is referred as multilateral or multipolar 
budding (Kreger-van Rij, 1984). 
Yeasts may vary in their cellular morphology and the shape of vegetative 
cells may relate to their mode of reproduction.  Cells may be spheroidal, 
subglobose, ovoid, cylindrical, elongate, filamentous, apiculate, lunate or 
triangular. In many cases, the cell shape may be characteristic of particular 
species. For example, Candida peltata can be identified by its lunate cell 
morphology. It should, however, be noted that both the shape and the size of 
cells of different strains of a species can be variable. 
Cultural characterization 
The study of the cultural characteristics of yeasts may provide further 
clues for their classification. When cultures are examined on solid media, 
attention is given to the color, texture, surface, elevation and marginal 
morphology of the yeast colony. Growth of the yeast may be pigmented by the 
production of pigments of certain types. The presence of yellow, orange, and 
red carotenoid pigments is, for instance, characteristic of the genera 
Rhodotorula, Sporobolomyces, Rhodosporium, and Sporidiobolus. The 
production of a non-carotenoid, Bordeaux-red pigment is typical of only certain 
yeasts e.g. Kluyveromyces. The majority of yeasts, however, produce growth 
ranging from white to cream or light shades of brown.  Texture of the colony 
may be mucoid, viscous, coherent or tenacious. Mucoid growth is frequently 
associated with encapsulation of cells as a result of the production of 
extracellular polysaccharide material, while coherent growth is generally 
associated with the formation of an abundance of pseudohyphae or true 
mycelium. The surface of yeast colonies may vary from smooth, sectored, 
striated, or rough. Some yeasts, however, are characterized by both rough and 44 
smooth forms of growth. Also some strains may be smooth when isolated and 
became rough after successive transfers in culture.  A change from the smooth to 
the rough form also may involve a change in the shape of the cells from spherical 
to oval. For example, strains of Candida albicans are nearly always smooth 
when first isolated but may change to rough and tenacious when maintained on 
laboratory media for a long period (Kreger-van Rij, 1984). 
Materials and Methods 
Morphological and cultural characterization 
To study the morphology of cells of the yeast isolates, cultures were 
grown in 100 ml-Erlenmeyer flasks containing malt extract medium on a 
rotatory shaker at 100 RPM. After 72 h, the mode of reproduction and shape of 
the cells were determined. In addition, colony morphology of the yeasts isolates 
and 
C. laurentii isolate 80-108 was evaluated on cultures streaked on NYDA and 
incubated at 28 C for 7 days. The color, margin, elevation, surface and texture of 
the colony were determined. 
Physiological characterization 
The ability of the yeast isolates to assimilate different carbon sources was 
tested in Bacto yeast carbon base (6.7g/L, solidified with 2% agar). Tested 
carbon sources were soluble starch, inositol, lactose, sucrose, maltose, D­
mannitol, or succinic acid (each at 10 g/L). A negative control contained basal 
medium without any carbon source, and a positive control was basal medium 45 
with glucose (10 g/L). Cultures were streaked onto each medium and incubated 
at 28 C. Growth of yeast isolates on different carbon sources was determined by 
comparison with the controls. Measurements were made after 1 and 3 wk of 
incubation, to determine apparent utilization of a carbon source remained 
consistent. 
Nitrogen utilization was evaluated in liquid medium prepared by 
dissolving 11.7 g/L of Bacto yeast carbon base and 0.78 g/L of potassium nitrate 
or 0.26 g/L of sodium nitrite in water. Solutions were filter-sterilized and 5 ml 
were placed into 100 ml Erlenmeyer flasks. Several Erlenmeyers received only 
the basal solution. Yeasts suspensions were adjusted with sterile phosphate 
buffer to the concentration of lx 10' cells/m1 (0.5 A595nm absorbance). One 
hundred microliters of each yeast suspension were inoculated into one 
Erlenmeyer. The growth of the isolates was determined after one week of 
incubation at 24 C and at 100 RPM. 
To test the ability of the collected yeasts to grow on media with high 
sugar or salt concentration, the isolates were streaked onto slant tubes 
containing 5 ml aliquots of 50% glucose-yeast extract agar (GYEA; 50 g of 
glucose, 50 g of yeast extract, 3g of agar, and 100 ml of water) or 5-ml aliquots of 
10% sodium chloride plus 5% glucose medium (5 g of glucose, 10 g of sodium 
chloride, 0.67 g of yeast nitrogen base, 3 g of agar, and 100 ml of water) and 
incubated at 28 C of temperature. The growth of each isolate was determined 
after 5 days. 
Growth of yeast isolates at 37 C was tested by incubating cultures of each 
isolate on NYDA in a growth chamber for 3 days. Growth of the isolates was 
determined by comparison with inoculated chambers incubated at 28 C. 46 
Results 
Morphological and cultural characterization 
The gross morphological and cultural characteristics of the eight yeasts 
isolated from apple leaves and C. laurentii 87-108 are presented in Table 9. After 
1 wk on NYDA at 28 C, the colony morphology of isolate 52 (5, roseus) was 
reddish, entire, flat to raised, smooth to rough, and viscous. The colony 
morphology of isolate 59 (A., pullulans) was cream, turning brown and finally 
black with age, lobated, flat, smooth to rough, and viscous.  The colony 
morphology of the strains 7, 35, and 43 were cream or pink, entire, raised, 
smooth or rough, and mucoid; the morphological features of these isolates 
resembled to C. laurentii 87-108. Colony morphology of the isolates 4, 56, and 
73 (Rhodotorula sp.) were pink, entire, raised, smooth, and mucoid. 
On malt extract medium, after 72 h at 24 C, isolate 7, 35, 43, and C. 
laurentii 87-108 budded single cells or in pairs of cells. Isolates 4, 56, and 73 
reproduced by multilateral budding. Isolate 59 reproduced in chains, forming 
true mycelium. Isolate 52 budded in chains developing simple ballistospores. 
The shape of the cells of the eight isolates varied from ovoid to elongate 
and cylindrical. 
Physiological characterization 
Yeast isolates varied in their ability to assimilate different carbon 
compounds after 1 and 3 wk of incubation at 28 C (Table 10). Assimilation of 
soluble starch by C. laurentii 87-108 was variable and it did not assimilate 
neither succinic acid nor D-mannitol. Isolates 7, 35, and 43 had carbon 47 
assimilation patterns similar to C. laurentii; however, they differed in the 
assimilation of lactose, and succinic acid. In contrast, isolates 4, 56, and 73 
(Rhodotorula sp.) did not assimilate soluble starch, inositol, or succinic acid, 
and their assimilation of lactose was not consistent.  Isolate 52 assimilated 
soluble starch, but it did not assimilate neither inositol nor lactose. Isolate 59 
pullulans) did not assimilated soluble starch, lactose, and D-mannitol. The 
growth of the strains on basal media amended with sucrose or maltose revealed 
no differences among isolates. All isolates grew on the positive control, glucose, 
and all failed to grow on the non-amended basal media. 
After 7 days of incubation at 24 C C. laurentii 87-108 assimilated nitrite 
but it did not assimilate nitrate. Isolate 7 and 43 grew on basal medium 
amended with nitrite and isolate 35 on medium amended with nitrate.  Isolate 4, 
52, 56, and 73 assimilated nitrate but they did not assimilated nitrite. Isolate 59, 
however, assimilated both sources of nitrogen. 
Only the isolate 59 grew on media with high sugar concentration. No 
isolate grew on high salt media. All isolates failed to grow on NYDA, when 
incubated at 37 C. 
This data led to key out the isolates into the genus or species: 
Sporobolomyces roseus (isolate 52), Aureobasidium pullulans (isolate 59), 
Cryptococcus sp. (isolates 7, 35, 43), and Rhodotorula sp. (isolates 4, 56, 73) 
(Kreger-van Rij., 1984). Table 9. Morphological and cultural differentiation of epiphytic yeasts isolated in this study. 
Colony a 
Isolate  Genus/species  color  margin  elevation  surface  texture  shape 
87-108  Crvptococcus laurentii  cream  entire  raised  smooth  mucoid  ovoid 
4  Rhodotorula sp.  pink  entire  raised  smooth  mucoid  cylindrical 
7  Crvptococcus sp.  pink  entire  raised  smooth  mucoid  cylindrical 
35  Crvptococcus sp.  cream  entire  raised  smooth  viscous  cylindrical 
43  Cryptococcus sp.  white to  entire  raised  rough  mucoid  cylindrical 
cream 
52  Sporobolomyces roseus  reddish  entire  tlat to raised  smooth to  viscous  ovoidal to elongate 
slightly 
rough 
56  Rhodotorula sp.  pink  entire  raised  smooth  mucoid  cylindrical 
59  Aureobasidium  cream, black  lobated  flat  smooth to  viscous  ovoid 
pullulans  with the age  rough 
73  Rhodotorula sp.  pink  entire  raised  smooth  mucoid  cylindrical 
a- Colony morphology was studied on NYDA medium, incubated at 28 C for 7 days. 
Cells b 
mode of reproduction 
budding single or in pairs 
multilateral budding 
budding in pairs 
budding single or in pairs 
budding in pairs 
budding in chains, develop 
of simple ballistospores 
multilateral budding 
budding in chains, true 
hyphae 
multilateral budding 
b- The mode of reproduction and shape of the cells were determined on malt extract medium, incubated at 24 C 
for 72h. Table 10. Physiological differentiation of epiphytic yeasts isolated in this study. a 
Assimilation of carbon compounds	  Nitrogen  Osmolarity 
compounds d 
Isolate	  Genus / species  starch  inositol  lactose  succinic acid  glucose  D-mannitol  sucrose  maltose  basal medium nitrite  nitrate  high  high  growth
number  ..... ,......	  Iwk  / 3wk  13..ik / 3wk.  Iwk / 3wk  lkw  / 3wk  /  3wk  Iv* /  3wk  'kw, 3kw  lkw/ 3wk  Iwk / 3wk  salt  37 C f SUP! 87-108  Cryptococcus  -, 
b + 
c  + 
13  + 
c  +, b+  -, 
b  c  +b+c  _b_c  4.,b+c  +,b+c  + 
Iaurentii 
4  Rhodotorula sp.  -,  -,  -,  +  -,  +  +, +  +, +  + 
7	  Cryptococcus sp.  -,  +  +, +  -,  +  +, +  +, +  +, +  +, +  + 
35	  Cryptococcus sp.  +, +  +  +  +, +  +, +  +, + 
43	  Cryptococcus sp.  -,  +  +, +  +  +, +  +, +  +, +  +, +  +, + 
52  Sporobolomyces  +, +  -,  -,  +, +  +,  +  +, +  +, +  +, +  -,  + 
roseus 
56  Rhodotorula sp.  -,  -,  -,  +, +  +, +  +, +  +, +  + 
59	  Aureobasidium 
pullulans  +, +  +, +  +, +  +, +  +  +  + 
73	  Rhodotorula sp.  +  +, +  +, +  +, +  +, + 
a- +, positive; -, negative test results. 
b- Assimilation of carbon compounds after 1 wk of incubation at 28 C. 
c- Assimilation of carbon compounds after 3 wk of incubation at 28 C.
 
d- Growth of yeast isolates on basal medium amended with potassium nitrate or sodium nitrite.
 
e- Growth of yeast isolates on 50% glucose-yeast extarct agar or 10% sodium chloride + 5% glucose media. 
f- Growth of yeast isolates at 37 C on NYDA medium after 3 days. 50 
Discussion 
Yeast isolates used in this study were identified to genus or species using 
physiological and morphological properties in combination with some cultural 
characteristics. The criteria used is based primarily on the work of Kreger-van 
Rij (1984).  In examination of the cell morphology of the isolates on malt agar, 
no isolate formed a sexual stage (Table 9).  This observation classified the eight 
isolates into the imperfect yeasts. Imperfect yeasts encompass two families: 
sporobolomycetaceae and cryptococacceae. The formation of ballistospore and 
the budding in chains are typical of the family Sporobolomycetaceae.  These 
features included isolate 52 into this family. The red color of the colony of 
isolate 52 placed it into the genus Sporobolomyces.  Its ability to assimilate 
soluble starch and nitrate, but not reduced nitrogen, classified it into the species 
roseus.  Isolates 4, 7, 35, 43, 56, and 73 were included into the other family, 
Cryptococacceae. The cream or pink color of their colonies denoted the 
presence of carotenoid pigments. The single budding or budding in chains of 
isolates 7, 35 and 43 and their positive assimilation of inositol, included them 
into the genus Cryptococcus. The multilateral budding of isolates 4, 56, and 73 
and their negative assimilation of inositol, classified them into the genus 
Rhodotorula (Table 10).  It was not possible to narrow the classification of these 
isolates to the species level. Neither the few carbon sources used nor the 
assimilation of nitrogen compounds and osmolarity test provided further 
differentiation. A more complete set of carbon compounds maybe helpful. 
McLaughlin et al (1990b) suggest that for a more stringent taxonomic 
differentiation, comparison of cell wall mannans should be included. The 
color, the typical morphology of the colony and the formation of true hyphae 
classified isolate 59 as A. pullulans (Cooke, 1959). No yeast isolates grew at 37 
C, which is the normal human body temperature. 